shows the distribution of all stones found in this group ·of patients with regard to their location (left or right side) and organ site, as well as the average length of time which had elapsed between the paralysis-causing accident and the discovery of the stones; staghorn calculi were observed after an average of four years in the paraplegics and after one and a half years in the tetraplegics. Surgery was performed on ten of the paraplegics and on five of the tetraplegics (Table III) . In the majority of these cases it was impossible to preserve the kidney, and nephrectomy was performed. All of the patients survived the operation, but post-operative improvement of the urinary tract infection occurred only in the nephrectomised patients (Table IV) . Of the patients who underwent surgery without nephrectomy, stones recurred in all of the paraplegics but not in the one tetraplegic. Six of the paraplegics died on average four years after their accident, but 17 were still alive on average eight years later. Of the tetraplegic patients with staghorn calculi, one died after four years, but the rest were still alive on average seven years later.
DISCUSSION
Chronic Urinary Infection and Reflux. During World War I, 80 per cent of all paraplegics died withi!! a few weeks as a result of septic uremia and decubitus ulcers; only ten per cent survived for more than a year (Kaufmann & Gotze,1968) . In 1961, Comarr reported that complications in the form of urinary tract infections occurred in 90 per cent of his patients· with transverse spinal cord lesions and that pyelonephritis was the most common cause of death, accounting for 64 per cent of the fatalities. According to Bors (1957) , renal complications were the cause of death in 4'5 per cent of the patients two years after the initial injury, in 26 per cent after five years, in 48'6 per cent after ten years, and in 60 per cent of those who died more than ten years later.
The 'no-touch' technique of intermittent catheterisation was introduced by Guttmann (1965 Guttmann ( , 1966 and has become the method of choice in the early treatment of the paralysed bladder. This method has produced considerably better results not only in the early treatment but also in the handling of the complications which almost always occur later on; such results have not been achieved with the primary indwelling catheter treatment (Comarr, 1961; Comarr et al., 1962; Kollwitz, 1963) .
According to a survey made by Guttmann and Frankel (1966) , 62'2 per cent of a total of 476 patients had sterile urine at the time of their discharge from the hospital. A supplementary work by Frankel (1969) reported that 82 per cent of male paraplegics had sterile urine at the time of their hospital discharge, as opposed to 92 per cent upon admission. A well-known German centre for the treatment of spinal injuries recently reported that over 50 per cent of all new admissions arrived with a bacterial infection of the urinary bladder. In spite of months of rigorous long-term therapy, they were unsuccessful in attaining a complete and lasting cure in any of these patients. Several of the patients who were admitted with sterile urine left the treatment centre with chronically-recurring urinary tract inflammations (Kaufmann & Gotze, 1968; Stoephasisus, 1970) . Clearance tests were used to demonstrate that a chronic urinary tract infection is always a mani festation of pyelonephritis and that, in the presence of an infection, the renal function increasingly diminishes, depending on the amount of time elapsed since the spinal cord was damaged.
Renal insufficiency occurs even sooner when vesico-renal reflux is also present (Marchetti & Gonick, 1970) . Ureterovesical or ureterovesico-renal reflux is often seen early in the course of illness in paraplegics and can quickly lead to virtually irreparable pyelonephritis (Buscher, 1966; Britten & Ruedas, 1970) . The cause of such reflux is, in most cases, a severe urinary tract infection which produces inflammatory changes in the bladder wall, including atonicity and thinning of the wall and the formation of diverticula (Buscher & Federschmidt, 1966; Guttmann, 1966) . Ureterovesical reflux occurs in five per cent of the patients within three years and in 17 per cent of the patients within seven years of their accident. Guttmann and Frankel (1966) , however, observed such severe compli cations in only a very small percentage of their patients.
Formation of Stones. The formation of stones in the kidneys and in the efferent urinary ducts is one of the main dangers accompanying transverse lesions of the spinal cord. During World War II and in the first few years thereafter, renal calculi occurred in 30 to 50 per cent of paraplegics (Damanski, 1963; Smith et ai., 1969) . The main factors causing stone formation are chronic urinary infection (especially infection caused by Bacterium proteus), alkaline urinary pH, and, most important, urinary reflux; immobilisation and its effects also play a part (Comarr et al., 1962; Damanski, 1963; Smith et al., 1969) .
In the past 10 to 20 years, intensive prophylactic therapy, that is, intermittent catheterisation, urine acidification, prophylaxis against infection, forcing of fluids, and early mobilisation, has reduced what was formerly an alarmingly high rate to a value which is only slightly more than one per cent, which is the average frequency with which renal calculi appear in the general population in Western Europe and the United States (Boshamer, 1961; Sarre, 1967) . The frequency of stone formation reported by the leading Anglo-American paraplegia centres is about two per cent (Damanski, 1963; Guttmann & Frankel, 1966; Smith et al., 1969) . In the German literature, reviews have reported stone formation in up to 20 per cent of the patients (Buscher & Federschmidt, 1966; Stohr, 1968) . Clinical studies of non-paraplysed patients with renal stones have shown that a large number of these people also have a chronic urinary tract infection, caused at least in part by Bacterium proteus (Aboulker & Bernard, 1971) .
Indications for Surgery. Every renal calculus, and especially every staghorn calculus, causes increasing damage to the renal parenchyma (Boshamer, 1961; Mauermayer, 1968) . In the absence of contra-indications in non-paralysed patients, it is generally best to remove the stone as soon as possible. When the decision must be made whether or not to surgically remove a staghorn calculus, however, the possibility of serious intra-and post-operative complications must be considered. In particular, transparenchymal stone removal causes among other things, a rather considerable loss of parenchymal tissue (Mauermayer, 1968) . The anatomical studies carried out by Sigel (1961) revealed that a longitudinal incision (Hyrtl's line) causes a loss of 15 to 23 per cent of the renal parenchyma. Applying this type of incision in animal experiments, Maddern (1967) determined that there was a 60 per cent loss of function in the kidney involved. In addition, as a result of various post-operative complications, it is often necessary to perform a secondary nephrectomy (Buscher, 1961) . In order to reduce the number of such complications, other techniques have been recommended, such as transverse nephrotomy, where the parenchymal loss is reported to be smaller (Hasselbacher, 1960; Hiensch & Schneider, 1969) or pyelocalicolithotomy in situ (Lutzeyer et al., 1970) . There is a high rate of recurrences after surgical removal of renal stones (Boshamer, 1961; Buscher, 1961; Albrecht, 1971) , but this number has been successfully decreased in neurologically healthy patients by means of intensive follow-up treatment (Buscher, 1961; Marshall et al., 1965; Strohmenger, 1968; Kracht et al., 1970) . Because of the adverse dynamic relationships and the disturbed calcium metabolism occurring in paralysed patients, calculi are even more likely to recur in these people, especially if a stone fragment still remains after surgery.
The surgical mortality rate for all patients (with or without spinal cord damage) with staghorn calculi averages about five per cent (Palivoda, 1969; Albrecht, 1971) .
A comparison of the results of surgical and conservative treatment of staghorn calculi revealed that in spite of all the possible post-surgical complications, conservative treatment is less effective than surgery (Palivoda, 1969; Arduino, 1971) . As a result recently, most authors recommend surgery on neurologically healthy patients when it is at all possible (among others, Schmitz, 1967; Stroh menger, 1968; Hiensch & Schneider, 1969; Lutzeyer et al., 1970) . Zielinsky;, Luciak and Czopik (1970) reported recently that, with conservative treatment approximately two per cent of patients with staghorn calculi may be expected to develop squamous cell carcinoma of the kidney pelvis.
In the case of paraplegics and especially tetraplegics, however, various other factors must be considered when reviewing the indications for surgical removal of staghorn calculi. For example, the ventilatory capacity of tetraplegics is severely reduced (Silver, 1963) . Because of the disturbed circulatory regulation it is important for the surgeon to control and check carefully intra-operative bleeding and for the anesthetist to control closely the cardiac and circulatory functions. Independent of the structural and functional changes in the kidneys and efferent urinary system of these patients, other pathological reactions affecting the entire body may occur in the functions governed by the autonomic nervous system (Guttmann, 1966) . One of our patients offers a good example of the various complications which can arise:
A 31-year-old tetraplegic (fracture of the sixth cervical vertebra following swimming accident, resulting in incomplete tetraplegia) developed a staghorn calculus which caused urinary retention and recurrent attacks of pyelonephritis; a left-sided nephrectomy was performed.
The following post-operative regulatory disturbances were observed: (a) Urinary excretion: days I to 9, approximately 1'5 litres/day; days 10 to II, approxi mately 2'5 l./day; days 12-19, about 5 to 5"5 l./day; from then on, 2'5 to 3 l./day.
(b) Gastro-intestinal function: daily bowel movement from the second post-operative day on; days 3 to 9, isolated gastric atonicity. Between the third and sixth days, 2'5 to 3 litres of gastric juice were aspirated daily through a gastric tube; thereafter, the volume of gastric secretion decreased steadily until it was only 300 ml. on the ninth day, at which time the gastric tube was removed.
(c) Cardiac and circulatory regulation: the pulse rate was about Ioo/minute until the 16th day; thereafter, about 80/minute. The blood pressure showed variations, often abrupt, between 80/60 mm. Hg and 180/80 mm. Hg until the third post-operative day; on the fourth and on the next few days the values were between 120/65 and 150/70 mm. Hg.
(d) Temperature regulation: regular temperature measurement revealed no tempera ture elevation during the entire post-operative course, and leucocytes determined in the peripheral blood count were never above the normal range. Severe chills occured during the first few post-operative days as a result of central disregulation.
Liquid, electrolyte and acid-base relationships were carefully balanced. Serum urea and creatinine values were not elevated. The serum sodium and potassium levels were on the lower border of the normal range on only a few days, and serum chloride was generally on the upper border of normal or moderately elevated. The incision healed normally.
In our opinion, an absolute indication for surgery exists when, in the absence of other serious contra-indications, a staghorn calculus causes urinary retention. In such cases the patient nearly always suffers from a chronic inflammatory renal illness and the kidney may often be quickly destroyed, causing a life-threatening general reaction.
On the contrary, however, a paraplegic with a staghorn calculus which does not disturb urinary drainage and whose infection can be 'controlled' should be operated upon only under the most favourable conditions. Under conservative treatment, regular checks of renal function (including phenol red excretion and creatinine clearance) are necessary. In the past ten years a qualitative procedure, the so-called isotope-nephrography, has gained more and more importance in the determination of renal function. This method can detect decreases in function and obstructions in renal flow in the early stages and may be used to follow the course of disease without putting a heavy strain on the patient (Paeslack et al., 1964) . February 1970. X-ray showed all calyces of the left kidney to be deformed. Urine bound substances in serum were within normal limits. The blood sedimentation rate was on the upper border of normal, and the blood count was not abnormal. Phenol red excretion in urine was ten per cent after 15 minutes, 30 per cent after 30 minutes, 63 per cent after 60 minutes.
An isotope-nephrogram showed a slight decrease in renal function on the left side and a moderate obstruction of renal flow ( fig. Ib) . Urinalysis revealed a severe urinary tract infection. Long-term treatment with lturanR was continued.
September 1970. After the patient had suffered repeated attacks of septic fever due to recurrent pyelonephritis in the area of the left kidney, while the infusion-pyelography rt:vealed approximately the same results as in February 1970 (fig. w) ) nephrectomy was performed on the left side. February 1970. Admitted to the hospital because of repeated attacks of dyspnoe, which continued to occur during the hospital stay. In addition, the patient experienced recurrent bouts of fever. In spite of potassium substition, the severe hypopotassemia could not be completely compensated. Urine-bound substances in serum were not elevated.
X-ray showed the upper. urinary tract to be normal, but a staghom calculus was visible in the calyx and pelvis of the right kidney. No excretion of contrast medium could be observed on this side ( figs. 2a and 2b) . The isotope-nephrogram revealed severe parenchymal damage of the left kidney and an almost totally non-functioning kidney on the right side ( fig. 3c) . Because of the patient's poor general condition, surgery was not attempted. Under conservative treatment, the patient's condition improved enough so that he could return home.
Patient E. R.-A, IRG: normal graphs for both kidneys in the presence of a staghorn calculus on'the right side. B, left, normal graph; right, chronic urinary backup and considerable parenchymal damage following nephrotomy.
Several months later, however, he was readmitted in poor condition and died a short time later due to cardiac failure and circulatory collapse.
Case III. Patient K. B., male, age 51 (4706/70). 1957. Fracture of the first lumbar vertebra, resulting in complete paraplegia. 1964. A renal cast was discovered in the left kidney and also in the upper part of the left-sided double kidney.
The patient was regularly examined and had no complaints, nor did he experience attacks of febrile pyelonephritis. In spite of a moderate urinary tract-infection, renal function remained practically unchanged over the years. X-rays taken in 1970 are shown in Figures 3a and 3b ; in addition, there was now a stone in the lower calyx of the lower part of the double kidney.
Isotope-nephrography in 1970 was similar to that in previous years) indicating a moderate degree of chronic urinary retention on the left side. Due to the functionally healthy lower part of the double right kidney, the graph of the right side was completely normal (fig. 3c ).
Case IV. Patient R. E., female, age 36 (3016/70). 1966. Neurosurgical operation for presacral prolapsed disc which had caused incomplete paraplegia, bladder and colon disturbances, and a saddle-block paresthesia. No significant improvement was observed after surgery. The bladder had to be emptied by pressure on the lower abdomen.
1968. A staghorn calculus was diagnosed in the pelvis of the right kidney. It was at this point that we first saw the patient. X-ray revealed a staghorn calculus on the right side, accompanied by considerable pyelonephritic changes in all calyces. The upper urinary tracts on the left side were not abnormal; residual urine and -reflux could not be demonstrated. Cystomanometry indicated a bladder capacity of 6so m1.; the pressure on the bladder wall rose to only 10 mm. Hg at maximum capacity.
Urine-bound substances and electrolyte balance were not abnormal, as were the blood count and sedimentation rate. Phenol-red excretion was 19 per cent after IS minutes, 33 per cent after 30 minutes, and 72 per cent after 60 minutes. Urine culture revealed Enterococci, Klebsiella and Bacterium proteus. Long-term treatment of the urinary infection was started.
1970. The patient suffered recurrent renal colics on the right side and febrile pyelonephritic attacks. Upon hospital admission in April 1970, the serum urea and creatinine were normal, as was the electrolyte balance. The uric acid level was 11'9 mg. per cent; the creatinine clearance was 99 ml./minute. Phenol-red excretion was 26 per cent after IS minutes, 42 per cent after 30 minutes and 47 per cent after 60 minutes. Urine culture revealed an infection with Bacterium proteus.
The isotope-nephrogram yielded a normal graph on the left side ( fig. 4a) , and no significant reduction of the tubular phase nor any delay in emptying was noted on the right side. Because of recurrent symptoms since the beginning of the year, the staghorn calculus was removed by longitudinal nephrotomy on 14 April 1970; unfortunately, three pea-sized calculi could not be removed.
Two months after being discharged from the hospital, the patient was re-admitted because of a urinary fistula in the area of the incision. The isotope-nephrogram showed chronic flow obstruction and severe loss of renal function ( fig. 4b ). Since the urine fistula did not respond to uretral catheter treatment, a right-sided nephrectomy was performed. The patient's urine was sterile upon dismissal from the hospital.
SUMMARY
Urinary tract infection, disturbances in calcium metabolism, and vesico-renal reflux are the main causes of calculus formation in the efferent urinary ducts in paraplegics.
Intermittent catheterisation should be an important measure in the early treatment of patients with spinal cord injury. A large number of cases of urinary infection and the resulting fatalities can be avoided when such therapy is correctly and skilfully carried out. During the illness, isotope-nephrography can play an important role in the determination of renal function. In Germany, the care and treatment of paraplegics is not yet as well organised as in the Anglo-Saxon countries, where the frequency of stone formation (kidney and bladder stones) in this group is about two per cent; we observed staghorn calculi in approximately eight per cent of our paraplegic patients. Of the 29 patients (23 paraplegics and six tetraplegics), all but one had received previous treatment elsewhere before being seen by us. All patients referred to us arrived with a severe mixed infection of the urinary tract and B. proteus were isolated from all urine specimens.
We do not feel that the surgical removal of staghorn calculi in paraplegics should be a main goal. On the contrary a staghorn calculus which does not obstruct renal flow and which is accompanied by a 'controllable' infection should be operated upon only under the most favourable conditions. RESUME L'infection urinaire, les atteintes du metabolisme calcique et Ie reflux vesico-renal sont consideres comme la principale cause de la formation de ca1culs dans les voies urinaires chez les paraplegiques. Les auteurs ne pensent pas que l'ablation chirurgicale d'un ca1cul coralliforme renal chez les paraplegiques devrait etre Ie principal but therapeutique. Au contraire, un ca1cul qui n'obstrue pas la permeabilite des voies urinaires et qui s'accompagne d'une 'infection controlable', ne devrait etre opere que dans des conditions extremement favorables. Wir sind der Ansicht, daB die chirurgische Entfernung von AusguBsteinen nicht das Hauptziel in der Behandlung von Paraplegikern ist. 1m Gcgenteil, ein AusguBstein, der den renalen AusfluB nicht blockiert und der mit einer 'kontrollierbaren' Infektion begleitet ist, sollte nur unter den giinstigsten Vorbedingungen voroperiert werden.
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